Summary: In 26 male participants in a 100 km run, concentrations of the HDL constituents cholesterol, apolipoprotein A-I, phosphatidyl choline and sphingomyelin were determined before and immediately after the run. Before running, the values for HDL cholesterol were higher in the participants than in a control population. However, the HDL sphingomyelin, HDL phosphatidyl choline and HDL apolipoprotein A-I values for the participants did not differ from the values in a control population. After the 100 km run only the HDL cholesterol values were increased whereas the other HDL constituents were not affected by the run. It is concluded, that the single exposure to prolonged heavy exercise produces a change in HDL composition which is characterized by an exclusive increase in the cholesterol content of the HDL.
Üntroduction
The analysis of the HDL fractipn in blood senim häs becöme increasingly importaiit in recent years äs ä risk indicator pr potential protective factor against cpronary heart disease (1-5). The method most widely used to däte for quantifying HDL involves the determination of the proportiPrt of cholesterol in HDL following Separation of the HDL by ültracentrifuga-*tion or precipitation of apolipoprotein Bfcontaining lipoproteins. It has been shown in various investigations that physical activity residts in an increase in HDL cholesterol concentration (6, 7, 8) . However, the HDL do not represent a singje substarice, but a heterogeneous group of macromolecules varying in composition, metabolism and physicochemical properties. As a consequence of this heterogene!ty it is not readily possible to determine HDL mass frpm the HDL cholesterol value (or vice versa) or even to determine the HDL composition. Therefore, it is of interest to study the influence of physical activity on other HDL constituents such äs HDL phospholipids and HDL apolipoproteins.
The purpose of this study is to report the effect of a 100 km-nin Pn the values for HDL cholesterol, HDL phosphatidyl choline, HDL sphingomyelin and HDL apolipoprotein A-I.
Materials and Methods
The study population consisted of 45 male participants in a 100 km-run from June 12 to 13, 1981 in Biel, Switzerland. The personal data and the condition of their training are shown in table 1. Blood samples were taken between 1.5 h and immediately before and between 30 m in u t es and immediately after the 100 km run. The participants had eaten approximately 4 h before the race, the last main meal being approximately 9-22 h before the race. During the race the runners drank sugared beverages, ate fruit, biscuits and chocolate äs well äs hot food. The serum obtained was promptly frozen and preserved at -20 °C. For comparison, a sample of 45 male Company employees of approximately equal age was taken from 0340-076X/82/0020-0533S02.00
Schiicwer, Günnewig, Jung and Assmann: Influence of a 100 km run on the composition of HDL Tab. l. Personal data and condition of training of 45 male participants in a 100 km run from June 12 to 13, 1981 The determination of HDL phosphatidyl choline (9) and HDL sphingomyelin (10) has been described previously in de tau. HDL apolipoprotein A-I was measured using kinetic nephelometry, äs described previously in detail (11) .
Analysis of total protein
The serum levels of total protein were determined with the SMAC Autoanalyzer (Technicon GmbH, Bad Vilbel, (FRG) äs described previously (12) .
Statistics
Statistical analysis was done using the Student^ -t-test for unpaired and paired data. Results were expressed äs mean ± Standard deviation.
Results

Initial values for HDL lipid fractions and HDL apolipoprotein A-I in 100 km runners
The initial values for HDL cholesterol were significantly higher in the participants in the 100 km run than the corresponding values in the control population of approximately equal in age (tab. 2). The initial values of HDL phosphatidyl choline, HDL sphingomyelin and HDL apolipoprotein A-I for participants in the 100 km run did not differ from the values in the control population.
There was a positive correlation between HDL cholesterol and both HDL phospholipids measured (tab. 3). Furthermore, both lipid fractions of HDL were positively correlated with each other. A positive correlation was also found between HDL apolipoprotein A-I and HDL cholesterol äs well äs between HDL apolipoprotein A-I and both HDL phospholipids. 
Influence ofthe 100 km run on HDL fractions
Following the 100 km run HDL cholesterol values were significantly higher (x = l .55 mmol/1) than before the run (x = l .41 mmol/1) (tab. 4). The coneentrations of HDL apolipoprotein A-I and both phospholipid fractions were not affected by the run.
Influence öfthe 100 km run on plasma volume
To determine the extent of plasma völurrie changes resulting from the race, serum total protein was determined before and after the race. There was a slight, but statistically significant increase in the serum total protein after the race (x ± SD = 73.9 ± 3.8 g/l) in cornparison to the results obtained before the run (72.0 ± 4.0 g/l) (p < 0.05, t-test for paired data).
Discussion
It has been known for a long time that probands who are physically active exhibit a higher HDL cholesterol level than those who have a sedentary lifestyle and who are physically inactive (6) (7) (8) . Of particular significance here is the fact that especially regulär, long-tenn physical exercise (running, swirnrning or bicycle riding for 4 X 30 minutes/week) causes an increase in the serum HDL cholesterol level (13) . Our results indicate that the well-trained 100 km runners studied also showed distinctly higher HDL cholesterol values in comparison with a cqntrol group of equal age consisting of Company employees. A possible explanation for the augmenting effect of physical training on the HDL cholesterol level might be relate to the receftt findings, according to which well-trained long distance runners have bpth a higher serum concentration of HDL cholesterol and higher lipoprotein lipäse activities in muscle and adipose tissue in comparison with non-athletes (14) . However, it has not been pröved with absolute certainty to date that physical activity äs such, indeperiderit of a decrease in body weight, causes an increase in the HDL cholesterol level. It is well known that overweight probands have a Ipwer HDL cholesterol level than those of normal weight (12) . It has also been reported that the serum concentration of HDL cholesterol remains constant if there is no löss of weight during the period of endurance training (l 5).
On the other hand, Huttunen et al. (8) found that a 4 month program of endurance training brought about an increase in HDL cholesterol values independent of a reduction in weight. In our studies, the 100 km-runners differed in body weight (-5.1% according to Brocd) to a statistically significant degree from the Company employees used for comparison (+ 12.6% according to Brocd). Interestingjy also, the 100 km runners studied showed a further increase of HDL cholesterol after the run. This result is in agreement with several studies of 100 km runners in recent years (16) , äs well äs with the observation that participants of a 70 km crosscountry ski race showed increased HDL cholesterol values after the race (17) .
In contrast to its effect on the HDL cholesterol level the influence of physical exercise on HDL mass or relative composition is largely unknown at present. Until now the effect of endurance training on HDL phospholipids has not yet been investigated. In our study we found no differences of the HDL phosphatidyl choiine and HDL sphingorriyelin values between the 100 km runners and the control population. Evidently, the 100 km runners exhibit a greater cholesterol to phosphplipid rätid and a greater cholesterol to apolipoprotein A-I ratio in their HDL than the untrained subjects studied. In contrast to the increased HDL cholesterol level observed in the runners after finishing the race neithef the phospholipid fractions measured nor the HDL apolippprotein A-I values were affected by the 100 km run. Thus, in the well-trained runners studied after the prolonged exercise, a selective change in HDL composition occufs which is characterized by a further increase in the cholesterol moiety of the HDL. The metabolic origin of our observation deserves further investigation.
